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Our recent search for the presence of a magnetic field in the bright early A-type supergiant HD 92207 using FORS 2 
in spectropolarimetric mode revealed the presence of a longitudinal magnetic field of the order of a few hundred Gauss. 
However, the definite confirmation of the magnetic nature of this object remained pending due to the detection of short¬ 
term spectral variability probably affecting the position of line profiles in left- and right-hand polarized spectra. We present 
new magnetic field measurements of HD 92207 obtained on three different epochs in 2013 and 2014 using FORS 2 in 
spectropolarimetric mode. A 3 (j detection of the mean longitudinal magnetic field using the entire spectrum, = 

104±34 G, was achieved in observations obtained in 2014 January. At this epoch, the position of the spectral lines appeared 
stable. Our analysis of spectral line shapes recorded in opposite circularly polarized light, i.e. in light with opposite sense of 
rotation, reveals that line profiles in the light polarized in a certain direction appear slightly split. The mechanism causing 
such a behaviour in the circularly polarized light is currently unknown. Trying to settle the issue of short-term variability, 
we searched for changes in the spectral line profiles on a time scale of 8-10 min using HARPS polarimetric spectra and 
on a time scale of 3^ min using time series obtained with the CORALIE spectrograph. No significant variability was 
detected on these time scales during the epochs studied. 
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1 Introduction 

Our recent search for the presence of a magnetic field in 
the visually brightest early A-type supergiant HD 92207, us¬ 
ing FORS 2 in spectropolarimetric mode, revealed the pres¬ 
ence of a weak mean longitudinal magnetic field of the 
order of a few hundred Gauss (Hubrig et al. 120121) . This 
target has been monitored for several years in the uvby- 
Stromgren system by Sterken (I1983i and spectroscopically 
by Kaufer et al. (1 19961119971) . who found cyclical changes 
of the brightness and substantial profile changes for metal 
lines and Ha, and suggested that the observed photometric 
and Ha line variations are the result of a corotating struc¬ 
ture in the wind, which they considered to be in the star’s 
equatorial plane. Furthermore, their study of the line pro- 

* Based on observations collected with the CORALIE echelle spectro¬ 
graph mounted on the 1.2-m Swiss telescope at La Silla Observatory, data 
obtained at the European Southern Observatory (ESO Prg. 092.D-0209(A), 
and data obtained from the ESO Science Archive Facility under request 
MSCHOELLER 102067). 

** Con'esponding author: e-mail: shubrig@aip.de 
° F.R.S.-FNRS Postdoctoral Researcher. Belgium 
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file variations revealed clear pulsation-like structures, indi¬ 
cating the presence of non-radial pulsations (NRPs) with a 
period of 27 days, while the stellar rotation period is of the 
order of several months. Ignace et al. (120091 ) measured lin¬ 
ear polarization in the spectra of this star on seven different 
nights, spanning approximately three months in time. For 
the continuum polarization, the spiral-shaped wind density 
enhancement in the equatorial plane of the star suggested 
by Kaufer et al. ( 119961 ) was explored. Importantly, the au¬ 
thors reported that the polarization across the Ha line on 
any given night is typically different from the degree and 
position angle of the polarization in the continuum. These 
night-to-night variations in the Ha polarization are hard to 
understand in terms of the spiral structure that was consid¬ 
ered for the continuum polarization. The determination of 
the atmospheric parameters was carried out by Przybilla et 
al. (120061) . who also established elemental abundances for 
over 20 chemical species. 

In the subsequent spectropolarimetric study on this tar¬ 
get, Hubrig et al. ( 120141 ) presented a careful inspection of 
the FORS 2 spectra used for the magnetic field determina- 
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tion in HD 92207 and reported the detection of short-term 
spectral variability on a time-scale of minutes or fractions 
of minutes. In the framework of that study, the authors con¬ 
vincingly showed the absence of instrument instabilities or 
flexures, presenting significantly stable spectral line profiles 
for a number of other stars observed quasi-simultaneously 
and nearby in the sky to HD 92207. However, with the avail¬ 
able data, it was not possible to decide whether the discov¬ 
ered variations in line profiles of HD 92207 were of periodic 
or stochastic nature. In any case, given the size of the super¬ 
giant, it was clear that the variability could not be referred 
to coherent line variations across the entire surface on such 
short time-scales. Hubrig et al. (120141 1 estimated the length 
of the rotation period as Prot < 235 ± 36 d. 

The question how pulsations affect the magnetic field 
measurements is not yet solved in spite of the fact that the 
number of studies of pulsating /3 Cephei and slowly pulsat¬ 
ing B (SPB) stars is gradually increasing. Already in 120061 
Schnerr et al. discussed the influence of pulsations on the 
analysis of the magnetic field strength in the /3 Cephei star 
V Eri in MUSICOS spectra and tried to model the signa¬ 
tures found in Stokes V and N spectra. Although the au¬ 
thors wrote that using some modeling they were able to 
quantitatively establish the influence of pulsations on the 
magnetic field determination, they still detected profiles in 
Stokes N and V that were the result of the combined effects 
of the pulsations and the inaccuracies in wavelength calibra¬ 
tion that were not removed by their imperfect modeling of 
these effects. 

Clearly, it is not possible to use the low-resolution 
FORS 2 spectra to model the effect of pulsations on the 
magnetic field measurements, and the potential of high- 
resolution spectropolarimetric observations should be used 
in the search of short-term variations (e.g. Hubrig et al. 
1201 lat . On the other hand, it is possible that the degree 
with which pulsations impact the magnetic field measure¬ 
ments is time-dependent, e.g., if the line variability on short 
time scales were more or less pronounced at certain rota¬ 
tion phases. To investigate this possibility, we re-observed 
HD 92207 with FORS 2 on three different epochs in Decem¬ 
ber 2013, January 2014, and February 2014 in the frame¬ 
work of the ESO Programme 092.D-0209(A). 

In this study, we discuss the new magnetic field mea¬ 
surements of HD 92207. In addition, we present the results 
of our analysis of HARPS archival spectropolarimetric daat 
and of our search for short-term variability using time se¬ 
ries with the CORAFIE spectrograph installed at the Swiss 
1.2-m Euler telescope on Fa Silla Observatory, Chile. 

2 Measurements of the magnetic field using 
FORS 2 observations 

2.1 Observations and data reduction 

Three new spectropolarimetric observations of HD 92207 
were carried out in service mode at the European Southern 


Observatory with FORS 2 mounted on the 8-m Antu tele¬ 
scope of the VET from 2013 December 4 to 2014 Febru¬ 
ary 14. This multi-mode instrument is equipped with polar¬ 
ization analyzing optics, comprising super-achromatic half¬ 
wave and quarter-wave phase retarder plates, and a Wollas¬ 
ton prism with a beam divergence of 22" in standard reso¬ 
lution mode. 

Polarimetric spectra were obtained with the 
GRISM 600B and the narrowest slit width of 0'.'4 to 
achieve a spectral resolving power of i? ^ 2000. The use 
of the mosaic detector with a pixel size of 15 pm allowed 
us to cover a spectral range from 3250 to 6215 A, which 
includes all hydrogen Balmer lines from H/3 to the Balmer 
jump. 

From the raw FORS 2 data, the spectra recorded in left- 
and right-hand polarized light, i.e. the ordinary and extraor¬ 
dinary beams are extracted using a pipeline written in the 
MIDAS environment by T. Szeifert, the very first FORS 
instrument scientist. This pipeline reduction by default in¬ 
cludes background subtraction. A single wavelength cali¬ 
bration frame is used for each night. 

A first description of the assessment of the longitudinal 
magnetic field measurements using FORS 1/2 spectropo¬ 
larimetric observations was presented in our previous work 
(e.g. Hubrig et al. I2004all2004bl and references therein). 

To minimize the cross-talk effect, a sequence of 
subexposures at the retarder position angles —45°-i-45°, 
h-45°—45°, —45°h- 45°, etc. is usually executed during ob¬ 
servations and the V/I spectrum is calculated using; 


I 2 |'v/° + /V-45o V/° + /V+45- 


( 1 ) 


where -1-45° and —45° indicate the position angle of 
the retarder waveplate and f° and /° are the ordinary and 
extraordinary beams, respectively. Rectification of the V/I 
spectra was performed in the way described by Hubrig et al. 
( 120141 1. Null profiles, N, are calculated as pairwise differ¬ 
ences from all available V profiles. From these, 3cr-outliers 
are identified and used to clip the V profiles. This removes 
spurious signals, which mostly come from cosmic rays, and 
also reduces the noise. A full description of the updated data 
reduction and analysis will be presented in a separate paper 
(Scholler et al., in preparation). 

The mean longitudinal magnetic field, (B./), is mea¬ 
sured on the rectified and clipped spectra based on the re¬ 
lation 


V 
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where V is the Stokes parameter that measures the circular 
polarization, I is the intensity in the unpolarized spectrum, 
Peff is the effective Fande factor, e is the electron charge, A 
is the wavelength, irie is the electron mass, c is the speed of 
light, dl /dA is the wavelength derivative of Stokes /, and 
(i?z) is the mean longitudinal (line-of-sight) magnetic field. 

The magnetic field is usually measured in two ways; us¬ 
ing only the absorption hydrogen Balmer lines or using the 
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Fig.l Distributions from our Monte Carlo bootstrapping tests for the data sets of HD 92207 from 2013 December (left 
panel), 2014 January (middle panel), and 2014 February (right panel), using the entire spectra. The widths of these profiles 
are used to determine the errors listed in Table [T] 


Table 1 Magnetic field measurements of HD 92207 us¬ 
ing FORS 2. All quoted errors are la uncertainties. 


MJD 

[G] 

[G] 

S/N 

56630.308 

-64±93 

-132±238 

680 

56672.104 

104±34 

231±148 

2056 

56702.159 

152±61 

201±120 

1675 


entire spectrum including all available absorption lines in 
the spectra. The Lande factor peff is assumed to be 1.0 in the 
spectral regions containing hydrogen lines and it is slightly 
larger (1.25) in the spectral regions outside the hydrogen 
lines. 

The feasibility of longitudinal magnetic field measure¬ 
ments in massive stars using low-resolution spectropolari- 
metric observations was demonstrated by previous studies 
of O and B-type stars (e.g., Hubrig et al. I20061[20081l20()9l 
1201 lall201 lbll2013ab . The mean longitudinal magnetic field 
(Bz) is defined by the slope of the weighted linear re¬ 
gression line through the measured data points, where the 
weight of each data point is given by the squared signal- 
to-noise ratio of the Stokes V spectrum. The formal 1 a 
error of (Bz) is obtained from the standard relations for 
weighted linear regression. This error is inversely propor¬ 
tional to the rms signal-to-noise ratio of Stokes V. Finally, 
the factor \/Xmin/'^ applied to the error determined from 
the linear regression, if larger than 1. No significant fields 
were detected in the null spectra calculated by combining 
the subexposures in such a way that polarization cancels 
out. This allows us to verify that no spurious signals are 
present in the data. 

Furthermore, we have carried out Monte Carlo boot¬ 
strapping tests. These are most often applied with the pur¬ 
pose of deriving robust estimates of standard errors. In these 
tests, we randomly generate 250 000 samples from the orig¬ 
inal data that have the same size as the original data set 
and analyse the distribution of the (Bz) determined from 
all these newly generated data sets. The measurement un¬ 
certainties obtained before and after Monte Carlo boot¬ 
strapping tests were found to be in close agreement, indi¬ 
cating the absence of reduction flaws. Distributions from 
our Monte Carlo bootstrapping tests for the data sets of 
HD 92207 from the three different epochs are presented 





Fig. 2 Variability of the Stokes / line profiles of Fe II 
A4924, Fell A5169, and He I A5876 (from top to bottom) 
observed on three epochs in the FORS 2 spectra. 

in Fig. [T] The results of our magnetic field measurements 
along with the information related to the modified Julian 
date and the signal-to-noise ratio in the observed spectra are 
listed in Table [T] A magnetic field at a significance level of 
3a was achieved during observations on 2014 January 15. 
We also find a change of polarity of the field between the 
observations obtained in 2013 December and 2014 January. 

2.2 Variability 

As has already been reported in the work by Hubrig et al. 
(120141 1. the previous analysis of FORS 2 polarimetric spec¬ 
tra clearly showed the presence of short-term spectral vari- 
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Fig.3 The behaviour of the Fell A4924, Fell A5169, 
and He I A5876 lines (from top to bottom) in the ordinary 
and extraordinary beams of each individual subexposure 
recorded in 2013 December. In the respective upper row, 
the line profiles are shifted in vertical direction for best vis¬ 
ibility, while overplotted line profiles are presented in the 
respective lower row. Note that one Fe II A4924 profile in 
the EPMOS sub-exposure is distorted by a cosmic. 


Fig.4 The behaviour of the Fell A4924, Fell A5169, 
and He I A5876 lines (from top to bottom) in the ordinary 
and extraordinary beams of each individual subexposure 
recorded in 2014 January. In the respective upper row, the 
line profiles are shifted in vertical direction for best visi¬ 
bility, while overplotted line profiles are presented in the 
respective lower row. 


ability on time scales of the order of minutes and less. Along 
with radial velocity shifts up to 30km s“^ detected for lines 
belonging to different elements, the authors also detected 
notable changes in line intensities up to 3%. Other stars ob¬ 
served during the same night, also directly after the obser¬ 
vations of HD 92207 at the same air mass and with similar 
short exposure times did not exhibit a similar kind of vari¬ 
ability, indicating that spectral variability of HD 92207 was 
not introduced by imperfection of the instrument. Hubrig et 
al. (120141 1 concluded that the detected spectral variability is 
intrinsic, but with the current data, it can not be decided, if 
the variations are of periodic or stochastic nature. 

In our recent spectropolarimetric observations of 
HD 92207 with FORS 2, the Stokes / profile shape of spec¬ 
tral lines changes from one epoch to the next. The differ¬ 
ences in the line behaviour are illustrated in Fig. |2l where 


we display as an example the behaviour of the Fe II A4924, 
Fell A5169, and He I A5876 lines with Lande factors 1.7, 
1.3, and 1.0, respectively. An interesting fact observed in 
the spectra obtained in 2014 January, i.e. at the epoch when 
the longitudinal magnetic field is detected at a significance 
level of 3cr, is that the lines Fell A5169 and He I A5876 
appear slightly split. To try to understand the character of 
the spectral variability of HD 92207 in FORS 2 spectra on a 
short time scale and its impact on our measurements of the 
longitudinal magnetic field, we decided to investigate the 
behaviour of the line profile in left- and right-hand circular 
polarized light, i.e. in ordinary and extraordinary beams ob¬ 
tained at the retarder waveplate positions -1-45° and —45°, 
respectively. Such a study appears reasonable since in the 
presence of a non-zero longitudinal magnetic field, due to 
the Zeeman effect, the line profiles display a radial velocity 
shift or/and a different profile shape. 
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Fig.5 The behaviour of the Fell A4924, Fell A5169, 
and He I A5876 lines (from top to bottom) in the ordinary 
and extraordinary beams of each individual subexposure 
recorded in 2014 February. In the respective upper row, the 
line profiles are shifted in vertical direction for best visi¬ 
bility, while overplotted line profiles are presented in the 
respective lower row. 


As we already mentioned above, for spectropolarimet- 
ric observations with FORS 2, a sequence of subexpo¬ 
sures at the retarder position angles —45 °h-45°, h-45°—45°, 
—45°h- 45°, etc., is usually executed during observations. 
Ten subexposures with an exposure time of 2 sec were ob¬ 
tained in 2013 December, whereas twelve subexposures 
with an exposure time of 4 sec were taken in 2014 January, 
and fourteen subexposures with an exposure time of 10 sec 
were taken in 2014 February. In Figs. [3-(3 we present the 
behaviour of line profiles in the ordinary and extraordinary 
beams at each epoch. In the presented figures, the ordinary 
and extraordinary beams are labeled as OPMOS and EP- 
MOS, respectively. Please note that a spectrum from an or¬ 
dinary beam at an angle of —45° corresponds to a spectrum 
from an extraordinary beam at an angle of h- 45°, and vice 
versa. The differences seen on Figs. [311] between the cor¬ 
responding beams are due to an imperfect wavelength cali¬ 


bration and are cancelling out in the V/I spectrum, after the 
application of Eq.[T] 

No significant variation between the line profile shapes 
in the ordinary and extraordinary beams are observed in 
EORS 2 polarimetric spectra obtained in 2013 December. 
At this epoch, no significant longitudinal magnetic field was 
detected. In contrast, in 2014 January, the line profiles in 
opposite circularly polarized light exhibit remarkable dif¬ 
ferences: the line profiles of all three lines in the ordinary 
beams appear slightly split. The line Eell A5169 exhibits 
split profiles also in the extraordinary beam, but the shape of 
the line profile is different compared to that observed in the 
ordinary beams. At that epoch, we measure a longitudinal 
magnetic field at a significance level of 3 (t. In 2014 Eebru- 
ary, the profiles of the Ee II A4924 and Ee II A5169 lines in 
both ordinary and extraordinary beams appear similar, and 
the Eell A5169 line profile shows a small distortion in the 
red wing. However, the behaviour of the He I A5876 line is 
different, indicating the presence of a small splitting in the 
profile shape observed in the ordinary beams. At this epoch, 
a longitudinal magnetic field is measured at a significance 
level of 2.5(7. 

The detected behaviour of the line profile in opposite 
circularly polarized light has not been reported before. The 
inspection of the previous EORS 2 spectropolarimetric ob¬ 
servations discussed in the work by Hubrig et al. (12014) 1 
revealed that also in the observations obtained at MJD 
55936.341 the lines Eell A4924 and He I A5876 show a 
similar splitting in both ordinary and extraordinary beams, 
while the line Ee II A5169 does not show any splitting. No 
splitting in any line is detected on the dates MJD55688.168 
and MJD56018.223. Since apart from the three lines dis¬ 
cussed above, only very few other Ee II lines show similar 
split line profile shapes, we can conclude that the detected 
splitting is not a result of an imperfect data reduction. The 
interesting fact is that the lines Ee II A4924 and Ee II A5169 
belong to multiplet 42. Lines of this multiplet present the 
principle emission lines observed in individual classes of 
emission objects, among them Oe-, Be-, and PCygni-stars. 
However, the third member of this multiplet, the line Ee II 
A5018, was not found split in any EORS 2 spectropolarimet¬ 
ric observation. 

We have currently no explanation for the appearance 
of the line splitting observed in the polarized line profiles. 
We note that since previously only very few searches for 
the presence of magnetic fields in a small number of early 
A-type supergiants were conducted, mostly using least- 
squares deconvolution i.e. without any presentation of in¬ 
dividual line profiles in opposite circular polarization (e.g., 
Verdugo et al. I2005t . the necessary expertise for any well- 
founded explanation of the observed behaviour is missing. 
On the other hand, given the size and the shape of the split¬ 
ting, it is obvious that the splitting is not related to the 
Zeeman splitting frequently observed in slowly rotating Ap 
and Bp stars with strong magnetic fields. It is also likely 
that such a splitting can not be related to the appearance of 
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Table 2 Magnetic field measurements of HD 92207 us¬ 
ing HARPS polarimetric spectra. All quoted errors are Icr 
uncertainties. 


HID 

S/N 

to 

o 

[G] 

2456345.677 

345 

-36±21 

-12i25 

2456347.676 

510 

Hill 

5il5 

2456348.677 

450 

2±13 

-3±16 

2456350.669 

485 

Mill 

6il4 


emission in the line cores since the observed H/f line in the 
FORS 2 spectra does not appear in emission on any of the 
three epochs. Noteworthy, we are not able to inspect the be¬ 
haviour of the Ha line in our spectra, as it is located outside 
of the spectral range available with our FORS 2 setting. Fur¬ 
ther, it is also not clear whether any kind of pulsation would 
affect polarized profiles causing the appearance of the line 
splitting in polarized light. 

Hubrig et al. (120141 1 reported the presence of radial ve¬ 
locity shifts of up to 30km s“^ and changes in line intensi¬ 
ties of up to 3%. Variations of the line profiles in Stokes I 
spectra with radial velocities reaching 10-20km s“^ are ob¬ 
served in the line profiles recorded in 2013 December and 
2014 February, while during the observations in 2014 Jan¬ 
uary the line profiles appear significantly stable with mea¬ 
sured radial velocity shifts below 3kms“^. In all observed 
spectra is the intensity variation below ~2% and mostly 
caused by a stronger noise in the line cores. These results 
indicate that the short-term spectral variability most likely 
does not have any significant impact on our magnetic field 
measurements using the spectra obtained in 2014 January. 
As an example, we present in Fig. |6] overplotted Stokes I 
profiles of the Fe II A4924 and Fe II A5169 lines in each in¬ 
dividual subexposure on all three epochs. The shifts of in¬ 
dividual line profiles appear in general substantially smaller 
in 2014 January than those presented by Hubrig et al. (120141 1 
in their Figs. 2-5. 

3 Measurements of the magnetic field using 
HARPS observations 

Part of the spectra analyzed in this work were obtained 
with the HARPS polarimeter (Snik et al. I2008t feeding 
the HARPS spectrometer at the ESO 3.6-m telescope on 
La Silla. We downloaded from the ESO archive the pub- 
lically available polarimetric spectra of HD 92207, obtained 
on four different epochs in 2013 February. All spectra have 
a resolving power of R = 115 000 and the signal-to-noise 
ratio {S/N) in the Stokes I profiles is between 345 and 510. 
The HARPS archival spectra cover the wavelength range 
3780-6913A, with a small gap around 5300 A. Each ob¬ 
servation of the star is split into four sub-exposures, ob¬ 
tained with four different orientations of the quarter-wave 
retarder plate relative to the beam splitter of the polarimeter. 


The reduction was performed using the HARPS data reduc¬ 
tion software available at the ESO headquarters in Garch- 
ing. The normalization procedure for the HARPS spectra 
to the continuum level is described in detail in the work of 
Hubrig et al. (I2013bt . The Stokes / and V parameters were 
derived following the ratio method described by Donati et 
al. ( 119971 1. ensuring in particular that all spurious signatures 
are removed up to first order. The information on the indi¬ 
vidual observations, including the dates of observation and 
the S/N values, is given in Tabled 

We used for the measurements of the longitudinal mag¬ 
netic field the moment technique developed by Mathys (e.g. 
I199H . The diagnostic potential of high-resolution circularly 
polarized spectra using the moment technique has been dis¬ 
cussed at length in numerous papers by Mathys (e.g. . 1199?! 
I1994t . Wavelength shifts between right- and left-hand side 
circularly polarized spectra are interpreted in terms of a lon¬ 
gitudinal magnetic field {B^). Eurthermore, this technique 
allows us not only the determination of the mean longi¬ 
tudinal magnetic field, but also to investigate the presence 
of crossover effect, and to measure the quadratic magnetic 
field. Eor each line in the selected sample of 50 Fe II lines, 
the measured shifts between the line profiles in the left- and 
right-hand circularly polarized HARPS spectra are used in a 
linear regression analysis in the AA versus A^peff diagram, 
following the formalism discussed by Mathys (I19911I1994] |. 
The measured values for the mean longitudinal magnetic 
field (i?z) are presented in Tabled They range from —36 G 
obtained on the first observing night to -I-14G obtained on 
the last observing night. We do not detect a longitudinal 
magnetic field at a significance level of 3(T for any night, 
and, as we show below, on each night the profile shapes of 
spectral lines recorded in each subexposure in the left- and 
right-hand polarized light appear rather identical, indicating 
the absence of a significant longitudinal magnetic field. As 
an example, we present in Fig. [T] the line profiles recorded 
with HARPS in left- and right-hand polarized light on 2013 
February 25. 

As a crosscheck, we measure the mean longitudinal 
magnetic field on null polarization spectra, which are cal¬ 
culated by combining the subexposures in such a way that 
polarization cancels out. The results of our measurements 
are presented in Tabled The measurements on the spectral 
lines of Fe II using null spectra are labeled with n. Since 
no significant fields could be determined from null spectra, 
we conclude that any noticeable spurious polarization is ab¬ 
sent. No significant crossover or mean quadratic magnetic 
field has been detected on the four observing epochs. 

Clear day-to-day spectral variations are discovered in 
the spectra observed from 2013 February 22 to 27. We de¬ 
tect that the radial velocity for metallic lines is increasing 
from night to night at a mean rate of 1.7km s“^, while for 
the He I lines it increases by 0.8kms“^. The intensities of 
metallic lines vary opposite to the intensities of He I lines. 
We observe over the five nights the increase of the metallic 
line intensity by about 3% while the intensity for the He I 
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Fig. 6 FORS 2 Stokes I profiles of the Fe II A4924 (left panel) and Fe II A5169 (right panel) lines from individual subex¬ 
posures of all three epochs. For each epoch, in the upper rows, we present the line profiles shifted in vertical direction for 
best visibility. The lower rows show all profiles overplotted. 



Wavelength (Angstrom) Wavelength (Angstrom) Wavelength (Angstrom) 


Fig. 7 The line profiles of different spectral lines, averaged over the four sub-exposures, recorded with HARPS in left- 
and right-hand polarized light (indicated by the letters L and R) on 2013 February 25. The spectrum recorded in right-hand 
polarized light is shifted in vertical direction for better visibility. 


lines decreases by about 1%. As an example of the day-to- 
day spectral variations, we present in Fig. [8] the behaviour 
of the Fe II A5169 and He I A5876 lines. 


Since HARPS spectropolarimetric observations are usu¬ 
ally split into four sub-exposures, it is also possible to test 
the line profile variability not only on the day-to-day time 
scale but also on shorter time scales corresponding to the 
duration of sub-exposures, which in the case of HD 92207 
accounts for 8.3 to 10 min. Admittedly, these exposure times 
are much longer than those used for FORS 2 observations. 
On the other hand, the analysis of HARPS spectra al¬ 
lows us to explore the presence of the variability on 8-10 
minute time scales. In Fig.|9] we present the profiles of the 
Fe II A5169 and He I A5876 lines recorded on each individ¬ 
ual night. No obvious changes in radial velocity or intensity 
are detected at these time scales. In the sub-exposures ob¬ 
tained during the same night, the flux differences are of the 
order of 0.5% of the continuum level, which is consistent 
with the noise estimate. 


4 Spectroscopic time-series obtained with the 
CORALIE spectrograph 

To search for the presence of variability in HD 92207 in 
high-resolution spectra on even shorter time scales of the or¬ 
der of a few minutes, we used the CORALIE spectrograph 
installed at the Swiss 1.2-m Leonard Euler telescope on La 
Silla. CORALIE is a fibre-fed echelle spectrograph with 
R ^ 60 000 and with a wavelength coverage from 3800 to 
6900 A. The instrument is described by Queloz et al. (120011 1. 
and instrumental upgrades made in 2007 are detailed by 
Segransan et al. (120101 1. The raw data were reduced using 
the efficient automated reduction pipeline, which follows 
standard procedures and performs pre- and overscan bias 
correction, flatfielding using Halogen lamps, background 
modelization, as well as cosmic removal. ThAr lamps are 
used for wavelength calibration. 

Two time-series over several hours were obtained on the 
nights in 2014 January 8 and 12. During the first night, 
we were able to record 40 spectra with an exposure time 
of 120 s and a signal-to-noise ratio of about 80-100. Tak¬ 
ing into account the readout overheads, the individual expo¬ 
sures are separated by 3.28 min. In Eig. [TOl we present the 
behaviour of the line profile of the Ee II A5197.6 line in all 
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Fig. 9 Upper panel: The behaviour of the He IA5876 line in the HARPS spectra of HD 92207 over four nights from 
2013 February 22 to 27 (from left to right). Each panel presents the overplotted four Stokes I spectra obtained over each 
night. Lower panel: The behaviour of the Fe II A5169 line over the same nights. 



5166 5168 5170 5172 

Wavelength (Angstrom) 


Fig. 8 Upper panel: The variability of the HelA5876 
line in the HARPS spectra of HD 92207 observed from 
2013 February 22 to 27. Lower panel: The variability of the 
Fe II A5169 line over the same nights. 


40 spectra. Due to the presence of the rather strong noise, 
before plotting the line profiles, we have slightly smoothed 
the profiles using a Gauss filter with a width of 0.05 A. Al¬ 
though the line profiles appear to be slightly variable, the 



Wavelength (Angstrom) 

Fig. 10 Fow variability of the line profile of Fe II A5197.6 
in the CORAFIE spectra observed on 2014 January 8. 

level of variability is rather low, much less than that ob¬ 
served by Hubrig et al. (120141 1 in FORS 2 spectra. 

During the second night on January 12, an additional 
time series of 29 and 28 spectra with an exposure time 
between 120 and 150 sec and similar S/N, separated by a 
wavelength calibration exposure, were recorded. The total 
observing time accounted for 3 h 40 min. In these spectra. 
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one can find similar line profile variations as in the night of 
January 8. 

To check that the observed variability is not just due 
to the impact of the noise in the observed spectra, we 
constructed images of stacked spectra in several spectral 
regions. In Fig. [TT] in the upper panels, we present the 
stacked CORALIE spectra for the hrst and the second series 
in different spectral regions around the lines Fe II A4924, 
Fe II A5169, He I A5876, and Fe I A6678. In the lower pan¬ 
els we show the residual spectra with respect to the mean 
spectrum. All six panels are 13 A long, and in all pre¬ 
sented images, the y-dimension corresponds to the observ¬ 
ing time. The inspection of these images seems to indicate 
that some structure is present in the cores of the He IA5876 
and Fe IA6677 lines. However, as we show in the same hg- 
ure in the lower panels, if we subtract the mean spectrum 
calculated using all observed spectra, this structure disap¬ 
pears, indicating that the amplitude of the structure is of the 
same order as the spectrum noise. The presented results can 
be explained in two different ways: either short-term spec¬ 
tral variability on a time scale of 3-4 min does not exist, or 
the amplitude of the line prohle variability is of the same or¬ 
der as the spectrum noise and cannot be detected in spectra 
obtained with a signal-to-noise ratio of about 80-100. 

5 Discussion 

We obtained new magnetic held measurements of 
HD 92207 on three different epochs in 2013 and 2014 us¬ 
ing FORS 2 in spectropolarimetric mode. Previous FORS 2 
observations revealed the presence of a weak mean longi¬ 
tudinal magnetic held, but the dehnite conhrmation of the 
magnetic nature of this object was pending due to the de¬ 
tection of short-term spectral variability probably affecting 
the position of line prohles in left- and right-hand polarized 
spectra. In our recent FORS 2 observations obtained in 2014 
January, the position of spectral lines appeared stable, with 
measured radial velocity shifts below 3kms“^. Exactly at 
this epoch, using the entire spectrum including all hydrogen 
lines for the measurement of the magnetic held, we achieved 
a 3cr detection with (i?z)au = 104±34G. This result is fully 
in agreement with the previous detection of a weak longitu¬ 
dinal magnetic held in this star. 

However, our analysis of the polarimetric EORS 2 spec¬ 
tra revealed a strange phenomenon that is currently difficult 
to explain and that has never been mentioned by other po¬ 
larimetric studies of blue supergiants before: we discover 
that the line prohles in the light polarized in a certain di¬ 
rection appear slightly split. Given the size and the shape 
of the splitting, it is obvious that the splitting is not related 
to the Zeeman splitting frequently observed in slowly rotat¬ 
ing Ap and Bp stars with strong magnetic helds. We also 
cannot ascribe this splitting to the appearance of an emis¬ 
sion in the line core, since the H/3 line, which is sensitive 
to the stellar wind, does not display any core emission or 
splitting in polarized light. Eurther, we are also not aware of 


a) 


4918 4920 4922 4924 4926 4928 4930 



\ (A) 


Fig. 11 Stacked CORALIE spectra of HD 92207 with 
subtracted mean spectrum for the hrst and the second series 
in the spectral regions around a) Ee II A4924, b) Ee II A5169, 
c) He IA5876, and d) Ee IA6678. The upper panels present 
the observed spectra and the lower panels the residual spec¬ 
tra with respect to the mean spectrum. 


any kind of pulsations that would affect polarized prohles 
in such a way. Clearly, future monitoring of the behaviour 
of the line prohles in polarimetric spectra will be very valu¬ 
able to identify the mechanism causing the line splitting in 
circularly polarized light. 

The available high-resolution polarimetric HARPS 
spectra on four different epochs show clear day-to-day vari¬ 
ations in all spectral lines, but short-term variability on a 
time scale of 8-10 min is not detected. We do not hnd any 
distinct Zeeman features in the Stokes V spectra and the 
determined value of the longitudinal magnetic held is al¬ 
ways below the 3tT level. No signihcant crossover or mean 
quadratic magnetic held is detected in the four HARPS ob¬ 
servations 

To search for short-term variability on even shorter 
timescales down to 3—4 min, we obtained time series at 
two different epochs with the CORALIE spectrograph. The 
structure visible in a few spectral lines in the images pre¬ 
senting stacked spectra disappears if the mean spectrum is 
subtracted. Due to the rather low signal-to-noise ratio of 
CORALIE spectra, we can not rule out that spectral vari- 
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ability is present, but its amplitude is of the same order as 
the spectrum noise. 

Despite several decades of observational efforts with 
ground-based photometry and spectroscopy of bright blue 
supergiants, it is not yet certain what portion of their vari¬ 
ability is periodic, or how far they deviate from strict period¬ 
icity. As a matter of fact, short-term variability was already 
identified on a time scale of 1-3 hours (Lefever et al. 120071 
Kraus et al. l2012t . However, a variability on time scales of 
the order of minutes and less has not been investigated so 
far. To improve the sensitivity to such variability, it would 
be important to use for the time series a high-resolution 
spectrograph installed at a telescope with a larger collecting 
area, such as the UV-Visual Echelle Spectrograph attached 
to the VLT 8 m Kuyen telescope. 
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